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A national mammography database was proposed,
based on a centralized architecture for collecting,
monitoring, and auditing mammography data. We
have developed an alternative architecture relying on
Internet-based distributed queries to heterogeneous
databases. This architecture creates a "virtual
repository" or a federated database which is
constructed dynamically, for each query and makes
use ofdata available in legacy systems. It allows the
construction of custom-tailored databases at
individual sites that can serve the dual purposes of
providing data (a) to researchers through a common
mammography repository and (b) to clinicians and
administrators at participating institutions. We
implemented this architecture in a prototype system
at the Brigham and Women's Hospital to show its
feasibility. Common queries are translated
dynamically into database-specific queries, and the
results are aggregated for immediate display or
download by the user. Data reside in two different
databases and consist of structured mammography
reports, coded per BIRADS Standardized
Mammography Lexicon ), as well as pathology
results. We prospectively collected data on 213
patients, and showed that our system can perform
distributed queries effectively. We also implemented
graphical exploratory analysis tools to allow
visualization ofresults. Ourfindings indicate that the
architecture is not onlyfeasible, but alsoflexible and
scaleable, constituting a good alternative to a
national mammography database.

INTRODUCTION

Enormous progress in information technology has
occurred since the proposal of a national mammogra-
phy database in 1995'. Advances in networking and
the Internet, client-server architectures, and database
mediators2 have shed new light on how to build a
national resource for mammography information to
serve the purposes of auditing, monitoring and
tracking patients. In the original proposal, the
national mammography database is conceived as a
centralized repository of data. Different institutions
performing mammography contribute data to the

centralized repository on a regular basis. The central-
ized repository is a physical database residing at a
specific institution, as depicted in Figure 1. This
approach has advantages and disadvantages3. The
advantages are (1) optimal query performance, (2)
use of a common vocabulary, (3) easy global
consistency checking, and (4) simple architecture.
However, these advantages are coupled with
drawbacks. The main disadvantages of the
centralized architecture are (1) need to fit data into a
common schema, (2) total dependence on the
availability of resources at the central host, (3) need
to fit concepts into a common vocabulary, (4)
inability to use existing data for direct entry into the
central repository, (5) limited feedback to
participating researchers, and (6) dependence on a
single database vendor and platform.

Figure 1. Centralized physical repository. Identical
databases at each site send data to central repository.

Usually, a single interface is used for queries.
The recent uses of the Internet, and, in particular, of
the World Wide Web, to transmit health care data4,
have created new alternatives for the construction of
a national source of mammography data. The nation-
al mammography database, instead of being a phy-
sical centralized repository of data in a single format
can be a virtual repository (VR) consisting of a
federation of databases at different institutions
(Figure 2). When queries are made to the virtual
repository, the resulting data are gathered from
participating databases. The results of the query can
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either be downloaded for further processing or can
have an ephemerous life, lasting only as long as
needed to answer a specific question. The databases
that participate in this virtual, distributed database
federation can not only serve the purpose of
contributing data to the virtual repository, but can
also be used within an institution in daily practice for
clinical and administrative purposes. This approach
avoids the redundant entry of data in multiple
databases, and allows information to be collected on-
line at the point of origin. The addition of exploratory
data analysis tools to operate on the results of the
queries provides a means for researchers to get timely
feedback on their data and to compare their data to
those of other centers. For large epidemiological
studies, the aggregation of data from multiple
institutions has the potential of increasing the power
of statistical tests.
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Figure 2. A virtual repository (VR) consisting of a
federation of institutional databases (ID). No central
physical repository of data exists; when users make
queries from their workstations (WS), the results are

gathered from the participating databases. The
institutional database can be used locally for clinical

or administrative purposes.

MATERIALS AND METHODS

We implemented a prototype mammography VR at
the Brigham and Women's Hospital to demonstrate
its feasibility.

Data

We prospectively collected data from 213 patients
who had mammograms interpreted by one of the
authors (DNS). These data were collected both for
individual tracking of patients by the provider and to
be part of our virtual repository. A subset of the data
elements and outcome measures proposed for the
national mammography database were included in
our data set: patient identification number, age,
interpretation of mammogram, follow-up

recommendation, and results of cytology or biopsy.
Encoding of the interpretation of the mammogram
and follow-up recommendation was compatible with
the BIRADS nomenclature5, as in the national
mammography database proposal. Tables 1 and 2
show the items collected for the interpretation of
breast micro-calcifications and masses, respectively.

Table 1. Descriptors of micro-calcifications recorded
in the mammography database.

Item Example values

Distribution Grouped, linear, diffuse

Size 5 mm or less, 5 to 10mm

Morphology vascular, skin, coarse, spherical

For both calcifications and masses, the location
(clock position) and the laterality were recorded.
Additional associated findings such as skin and
nipple retraction, skin thickness, skin lesions, axillary
lymph node enlargement, architectural distortions,
breast density, and follow-up recommendations were
also recorded in BIRADS- compliant terminology.

Table 2. Descriptors of masses recorded in the
mammography database.

Item Example values

Margins circumscribed, obscure, spiculated

Morphology round, lobular, oval

Density fat, low, isodense, high

Implementation ofV R

The data for all the patients was split into two groups
and stored in different databases: an Postgres 95
Server on a BIPTm Unix platform and a Microsoft
SQL ServerTm Version 6.0 on a Windows NT.m
platform. Both databases contain information
compatible with BIRADS and can be accessed via
the Open DataBase Connectivity (ODBC) protocol6.
The architecture implemented for query formulation
is depicted in Figure 3. In this implementation, the
user connects to the VR server via a World Wide
Web (WWW) browser, and fills a query form similar
to the one shown in Figure 4. A Common Gateway
Interface (CGI) script is used to generate queries.
These "common" queries are translated into specific
SQL queries for each database by a mediator, which
contains the mapping from the schema the query
form uses to each of the database schemata. A
database specific query is sent to each database and
the results are merged by the mediator.
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Figure 3. Query formulation system. Common
queries are translated into database-specific queries

by the VR mediator.

Figure 4. Query form. Checking items in the same
category (e.g., Distribution") causes the system to
add an "AND" to the query. Checking items in

different categories causes the system to add an "OR"
to the query.

databases

Figure 5. Query retrieval. Results from different
databases are aggregated in the VR server, and

displayed to the user.

Figure 5 shows the flow of information for query
retrieval. The results are aggregated by the mediator
into a single table. This table exists temporarily on
the VR server, and is removed when the session is
over. The user is offered the options of viewing the
raw data (Figure 6), downloading the data into a file
using various delimiters, or visualizing the data using
the graphical exploratory analysis tools such as bar
charts, scatter plots, and histograms (Figure 7).

RESULTS

The use of this preliminary prototype has given us an
opportunity to get early feedback from users on the
value of this approach, and important suggestions on
improving the graphical user interface. Some users
found the query forms and the selection parameters
for the graphical tools difficult to understand.

The radiologist who collected the information uses
the system as a personal database of patients. He is
currently the only user with access to patient
identification. He uses the system's search
capabilities, for example, when he wants to retrieve a
case of clustered calcifications to use in a teaching
session, or to retrieve data from a particular patient.
All users are allowed to browse non-identifiable data,
download query results, and use the graphical tools.
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Figure 6. Display of query results in tabular format. A simple table with the results is shown on the top. Users
can download the resulting table and/or visualize data using various types of graphics.

The time performance of this system is reasonable,
except for the rendering of graphics through Java
applets. The complexity of the queries or the number
of cases retrieved does not significantly affect the
performance time in this prototype, which we believe
is more strongly limited by network bandwidth.

DISCUSSION

This work was derived from a collaborative project
on building a multi-center virtual repository for
breast disease, with participation of Columbia
University, University of Chicago, and the Brigham
and Women's Hospital. Our long-term goal in that
project is to build a virtual repository of breast
disease-related data (not only mammography data)
that connects existing databases at each institution.
We developed the local prototype of the VR to
experiment with the architecture. We anticipate that

issues concerning confidentiality, ownership of data,
and network security will need to be addressed
before the proposed distributed architecture can be
implemented on a widespread basis. Researchers at
the University of Chicago are currently working on
clarifying the requirements of Institutional Review
Boards for the approval of such virtual repositories.
At Columbia University, the construction of an
authorization module that creates "views" for user,
disallowing queries on certain fields is underway7.

Our use of the BIRADS standard to code mammo-
graphy data was based on the recommendations of
the national mammography database proposal. As
Baker and colleagues have pointed out8, BIRADS
needs to be substantially revised to be considered
successful in providing a standardized language for
radiologists to describe lesion morphology.

Currently, our data set is too small to allow for a

Figure 7. Visualization of query results. In this example, the pie charts show the types of calcification in the
mammography report for all patients with a pathologically benign (left) diagnosis and with a pathologically

malignant diagnosis (right).
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formal evaluation of performance. This preliminary
work, however, has allowed us to identify areas in
which substantial improvement is needed. As
mentioned previously, the user interface for
formulating queries is not friendly. We are currently
working on an interface that allows users to query by
example. The JDBC9 database driver standard may
be substituted for the current ODBC drivers. We are
also establishing direct connections between the VR
and statistical packages, so that we can possibly
bypass the downloading of delimited files and
construct graphical interfaces that facilitate the
choice of statistical tests. Our current set of
exploratory data analysis tools is limited to a small
number of graph types. We will expand these
graphics with star plots, Andrew plots, and Chernoff
faces'0 to facilitate the display of multi-dimensional
information.

The translation of common queries into specific
queries in our prototype system is done strictly with
SQL and a conciliating, non-abstract common
schema. We have also worked strictly with two
different relational databases, so we have not
explored the difficulties in integrating different
families of heterogeneous databases. With the trend
toward mergers of institutions and the consequent
issues of integrating hierarchical, relational and
object-oriented databases, sophisticated mediators
will be needed to implement the proposed
architecture for a national mammography database.
Possible solutions for such mediators may include
building an abstract data model or query language",
or creating a common semantic model'2.

We foresee the use of architectures similar to the one
proposed here not only in retrospective analysis of
cases for auditing practice and tracking patients, but
also to prospectively monitor patients in clinical
practice or formal clinical trials. The decentralized
nature of this system would allow participant institu-
tions in multi-centric clinical trials to use existing
databases to provide information for the study
coordinator, while keeping control of their local data.
The addition of exploratory data analysis tools at all
participating sites could contribute to local research
at each site.

CONCLUSIONS

We have presented an altemative approach for the
creation of a national resource for mammography
data. The VR is a decentralized, distributed query
system that integrates heterogeneous databases via

the Intemet. Our prototype implementation suggests
that this approach is feasible, flexible, and scaleable,
allowing the use of existing databases to populate a
national repository.
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